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ABSTRACT 

A vertical  array  of  20  vibration  isolated  hydrophones  w:t<  suspended 
from  the  Research  Platform  FLIP  at  various  depths  from  713m  to  IS  torn. 
Preformed  sets  of  beams  were  formed  with  a digital  beamfonner  to  observe 
the  vertical  noise  distribution  at  3 to  4 frequencies  between  20  and  Uhl 
Hz.  Directional  spectra  derived  from  10  minutes  samples  of  digital 
records  are  presented.  Several  contour  plots  of  amplitude  distributions 
are  also  shown  for  both  signal  and  noise  records. 


INTRODUCTION 

During  the  first  part  of  operation  CHURCH 
ANCHOR,  20  hydrophones  were  configured  in  a 
uniformly  spaced  vertical  linear  array  and 
lowered  to  various  depths  from  FLIP.  Part  of 
the  on  boat'd  processing  equipment  for  this 
array  consisted  of  the  HUPP  heaaforoer  - a 
programmabl  ■ narrow-band  multibeam  R-b!t 
digital  beamforper  which  ai lowed  observations 
to  he  made  for  a full  set  of  uniformly  spaced 
vertical  beams  at  four  frequencies  of 
interest.  The  processor  acted  as  a 
narrow-band  filter  at  each  of  the  e 
frequencies  thus,  the  observation*  should  be 
considered  to  he  estimates  of  the  power 
spectrum  level  of  the  direct  tonal  «;  mi  * at 
tilt  background  noise  in  the  ocean, 

Uuring  the  periods  of  time  designated  as 
"noise  days''  observations  were  wade  at 

sequential  depth  for  a -et  of  sis 

predetermined  depths.  At  each  depth  an  obser- 
vation ttae  of  »'u  *imites  was  used  during 
which  time  continuous  recordings  of  the 
complete  set  of  beans  was  made,  the  on-line 
monitor  during  recording  was  a Ross  Reeordei , 
an  intensity  type  recorder  generating  four 
parallel  lime  bearing  plots  one  plot  for  each 
of  the  four  frequencies,  the  detected  beam 
outputs  which  represent  the  intensity  on  these 
plots  were  formatted  in  a -erial  » van  which 
was  recorded  on  digital  tape  for  later 
processing. 


During  the  propagation  runs  data  were  also 
collected  with  this  system.  In  this  ease, 
recordings  were  made  during  transmission  peri- 
ods but  the  depth  of  the  array  was  controlled 
by  the  requirements  of  the  prepaghl ion  runs 
rather  than  by  the  vertical  directionality 
experiments.  The  propagation  array  data 
analysed  to  date  only  indicate  the  gross 
directional  structure,  however,  the  frequency 
set*  were  chosen  so  that  one  nearby  frequency 
wa*  recorded  at  the  same  new  as  a signal 
frequency  so  that  some  indication  of  the 
background  natie  levri  through  the  gain  of  the 
array  could  he  obtained. 

The  d-sta  sets  of  this  report  are  grouped  by 
experiment.  For  each  experiment  the  wata  are 
presented  by  way  of  graphs  which  represent  the 
x-ertiea»  noise  distribution  at  the  four 
frequencies  involved,  the  graphs  are  of  two 
t» * ; ««e  is  a plot  of  neon  power  values 
computed  fro*  accumulated  bisiegratts  of  in- 
at  mite  sawples  of  the  beat*  output  scans,  the 
other,  a contour  plot  which  »s  derived  fro* 
the  saee  data  but  represents  the  contours  of 
the  histograms  of  the  beamfomer  output 
satsples,  A considerable  .-mount  of  post 
processing  has  been  applied  to  the  data  for 
the  purpose  of  smoothing  the  histogram*  ami 
removing  some  of  the  anomalies  wf  t be 

equipment  which  were  discovered  is  the  data 
analysis. 
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An  extensive  effort  was  spent  in  looking  at 
the  process  of  deconvolution  of  the  beanforater 
outputs  with  the  goal  of  improving  the  esti- 
mate of  the  directional  noise  field.  This 
work  has  been  reported  in  tho  literature; »‘The 
results  of  this  effort  show  that  the 
deconvolution  process  for  this  particular  uni- 
formly spaced  linear  array  is  c.  marginal 
benefit.  Because  the  process  is  eery 
sensitive  to  the  fine  struct jre  of  the 
theoretical  beam  pattern,  it  was  felt  that 
there  may  be  enough  uncertainties  in  the  lin- 
earity of  the  array  or  in  the  linearity  of  the 
wavefront  arrivals  that  the  application  of  the 
deconvolution  algorithm  might  actually  degrade 
the  estimate  of  the  directional  distribution. 
Therefore,  only  the  unmodified  beam  output 
power  of  the  array  has  been  presented  here. 
There  are  two  artifacts  of  the  instrumentation 
which  occur  and  are  particularly  prominent  in 
the  case  of  the  background  noise  recordings. 

First,  there  is  a significant  amount  of 
what  is  interpreted  as  common  mode  noise  which 
shows  ttp  as  an  output  on  the  perpendicular 
beam  which  is  the  horizontal  (90«>  beam.  The 
question  of  whether  or  not  this  common  mode 
noise  could  be  subtracted  out  of  the 
directional  patterns  in  a valid  way  was  con- 
sidered carefully;  there  was  insufficient 
consistency  from  record  to  record  in  the  level 
of  this  common  mode  noise  to  justify  <wiy 
subtraction  so  no  attempt  has  been  made  to 
take  it  out  of  the  data  presented  here. 

occend,  the  narrow  band  filter  had  extended 
side lobe  responses  which  lay,  on  the  average, 
40  48  below  the  response  in  the  pass  band. 
Thus  noise  power  uniformly  distributed  over  a 
$00  Ha  band  will  give  rise  te  a filter  output 
power  which  is  only  a few  d»  below  the  ynband 
noise  power.  This  effect  places  a floor  an 
the  minimum  noise  bands  which  can  be  measured 
for  the  background  tunse  records  bat  does  no* 
seriously  affect  the  signal  transmission  mss 
where  the  major  energy  was  concentrated  in  a 
few  frequencies. 

!.VStKl»ft\{ATld,V 

the  array  which  was  used  consisted  of  28  of 
the  hydrophones  using  the  t&itsey  suspension 
cage  design  shown  in  fig.  1.  the  elements  are 
independently  suspended  in  a very  . lew 
compliance  elastic  suspension  within  the 
external  support  case,  the  hydrophone  outputs 
are  amplified  and  coupled  threugb  .an  l* 
telemetry  link  over  the  single  coaxial  cable 
to  fltP  where  a set  of  28  receivers 
demultiplex  and  demodulate  the  signals  for 
processing  by  the  beamforner.  The 
characteristics  of  jit*  heamfarmer  are 
sumnxriicd  in  fable  !.**  the  20  hydrophones 
of  the  array  are  inters enaceted  to  for*  a 
uniformly  spaced  array  with  an  overall  length 
of  532  meters  and  an  effective-  length  of  5x8 
meters,  figure  2 show*  the  si*  array  depths 
used  during  the  noise  measurement  periods. 


Fig.  I.  Mutney  hydrophone  . .»*e  as'embly. 

The  set  of  frequencies  u»e4  with  the  array 
range  from  2$  it?  to  2fli>  Mr  and  thus  a wide 
variation  in  beam  patterns  will  be  ohcervvd. 
A characteristic  set  of  pattern*  are  given  in 
Figs.  S through  r>.  the  patterns  are  presented 
here  as  a set  of  124-1. $ samples  correspond- 
ing tii  r>,e  beam  centers,  At  lues  and  288  Hr, 

the  pa  .<**•■  *»  utMerssopJed  and  the  peculiar 
side  , • tt/  t *re  a cmn«*wtorne«  of  nearly 

ceoBrnsurate  sampling  period  -ino  avam-pattern 
lobe  width*.  Above  $a  h;,  crating  lehe* 
having  aftp-itude  responses  ->*  high  a*  the  main 
tube  of  tie  array  will  tv  observed  within  the 
d-iss  vertical  angle  «et,  *t  288  tit  three 
sets  of  these  grating  lubes  are  to  be 

observe..!. 

the  beamforaer  «*»  to  generate 

four  sets  of  bratts  tor  . fv*uf  selectable 
aartew-band  frequencies.,  lash  *et  vote-red  the 
range  of  8-1*8'  with  a 1-1? « sieaw'to-teeau 
Spacing  for  » full  »e|  Of  121  hearts . the 
extreme  beams  were  pointed  vertically  «*p  is-’) 
and  vertically  daw®  jl*8  l.  * single  narrow 
band  filter  channel  .was  «yuthr*i ged  in  the 
beasfurmief  by  multiplying  the  time -nee itiplexed 
high  speed  audio  fees*  data  blevk  by  a 3-bit 
qiuMtt i ted  sine  arid  ?«=  its?  r« f'Ofeoo  *ignal  at 
the  center  bafeS  frapwrwy  which  bad  been 
.amplitude'  weighted  wer  the  2-seceud 
integration  hSe*Ck  fn  central  the  fi.ier  sid-' 
lobes-  A finite  ti*r  i*>5egi.ater  opera!  ifig 
over  the  2‘x wood  data  bloct  press  idef  the 
lew-pass  filter  for  the-  two  ,*=..■=, .prsadmet 
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Table  I.  lie  am  former  Specifications 

lii.iXTKi cm.  a :•.  .o\cn; kistics 

inputs 

a.  Number  of  channels:  1 to  48  (2  ea., 
DD50S  conn). 

b.  Impedance,  single  ended:  1 megohm. 

c.  Impedance,  transformer:  600  ohms. 

d.  Maximum  voltage:  3 volts  (rms). 

e.  frequency  hand:  10  to  250  lb,  500 

lit,  1000  II:. 

«•  Cain:  0 to  + 75  dll  in  S-dli 

increments. 

Outputs 

a.  Detected  beam  scans. 

(1)  four  quadrature  element  sums  1 
to  12),  4-msec  beams,  12-  bit 
words,  TTI.  compatible  (4  ea., 
OAt  58) . 

(2)  One,  full -element  sum  (1  to 
4S) , 4-msec  beams,  analog, 
low- impedance  (.coaxial)  (also 
displayed  on  time-  bearing 
reco  rdcr ) . 

Undetected  beam  outputs. 

ID  Due,  full-element  sum  (1  to 

IS'.  1021,  4--sec  samples/ 
beam,  12  bit-words,  TTI. 

compatible  (1  ea.,  DA15S)  also 
internally  formatted  for 

writing  ev  e ry  s i x t ec  n t h be  am 
onto  magnetic  tape). 
i*>  Same  as  tl)  for  If  I,  but 

interfacing  is  yet  to  be 
determined. 

c.  l-.see  and  4-msec  clocks , Til. 

compat  tide  Uva.xi.il  i . 

fflVSU:  VI.  OlARAtMl  RISI  lt,8 

a.  Input  power:  115  vac,  till  It;,  40 

amperes , 

h.  <i/e:  I.  "-rack  bay  --  6 • 5"\5 • 3M 
xJ'l"  plus  wheels, 

1,  l -rack  bay  --  6 1 3‘‘x2 1 X 2 1 4" 
plus  wheels. 

. iu  t ;u?  : i-r.u  k n.(y,  jooo  pounds, 

l - r.iv  k S'.iv , ;«tn  pounds . 


teffw*  v * s s>  r low  -pa*  -i  filtering,  the  two 
eft*.**-  product  t.-m*  were  ' qu i C'd  in.)  then 
*U ntfted  to  Produce  the  out pul  power  signal, 
the  f fetpien* j response  of  ibis  titter  is  shown 
in  fig.  “.  Vi  can  Be  wren,  »l  has  an 
effective  BanauMth  of  0,8  It;.  {•  also  re* 
first*  the  rttfd  of  the  t-l-it  "t 

the  referent  , signal  in  the  .-at ended  ct.tr  lol»>- 
l<ni>l»  which  are  »*t*ly  down  aluiisl  til  .It- , ibr 
gsift  eorrevt  softs  arising  froft  the  various 
portion*  -»f  the  system;  which  s;ra= ) he  applied 
to  the  data  are  usamar  i :<s5  in  Hg.  8, 
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PHASE  I milt  POSITIONS  RELATIVE  TO  THE  VELOCITY  PROFILE 

Sound  velocity.  M/iec  ahray 

1460  1480  1500  1520  1640  p0SlllONS 


fig.  2.  Array  positions  relative  to  the 
velocity  profile. 

The  beam  former  records  were  analyzed  in 
10-minute  blocks  Only  the  first  10-minute 
sample  of  each  tape  has  been  included  in  this 
report.  for  each  ID-minute  period.  300 
2-second  samples  were  combined  to  provide  the 
average  values.  The  distributions  which  were 
run  on  these  samples  arc  histograms  for  the 
300-sample  sets,  A summary  of  the  data  sets 
is  given  a Table  11.  Summaries  of  the  gain 
factors  for  the  data  sets  are  given  in  Table 
III.  A high  density  of  ship  traffic  occurred 
during  the  "noise  days  " figures  0 and  10 
show  the  time  relationship  of  the  depth 
station,  ship  traffic  and  data  tapes, 

DATA  I’KOOSStXli 

Before  proceeding  to  the  directional  plots 
a wmal  of  explanation  of  the  data  processing 
is  tit  order,  the  format  of  tf  • narrow-band 
beam former  data  is  a D-btt  I loat ing  point 
number  representing  the  narrow-  u.ind  energy  tn 
a 2-second  sample,  the  number  consists  >•(  a 
a-bll  exponent  of  base  four  and  a l-  bit 
mantissa,  the  dynamic  range  is  approximately 
is  dft,  the  data  are  stored  in  At.)  word 
records  by  ,t  >»- track  sou  hpt  tape  recorder. 
Utte  tape  rec-  rd  contains  2-*e*0ftd  samples  ot 
1*1  beams  f,  > four  frequencies 

the  cltrs*.  'logical  sequence  for  the  data 
processing  was  a*-  follows:  the  tapes  were  read 
hr  the  Burroughs  ft'ifti  computer  at  tH’sp  using  a 
routine  which  converted  th*’  Base  four  floating 
paint  «»»>**•  r«  to  burroughs  ts-bit  words, 

three  hundred  records  represent  me  to  minutes 
of  real  tine  data  were  - inverted  out  sorted  by 
beast  nutthe  r and  frequency  at  one  pass.  Die 
sorted  .lata  were  theft  croupe, J into  i »!P  wide 
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v ms,  s.  -kywtw*  gain  factor*. 


Pfog t.>J:f,ui'4  by  ?si.!-  ‘-larch  H*”i.  ' prograf*  Wi*-» 

,;«***(:  !s--iJ  in  t$*y  i i lp“l  whereby  i Itv  i'?ffri'!f(i 
s 5 t,t -tuv  da ! » crtiiid  N?  I*)  ,i  1 IMS' 

pf I * 1 V ;■  .-  or.  I.  Ouf  pi  of  t y tsg  a i t it  t h 1 ‘ 

fSSLtl  i!vf,  sap  fO  f i VlS  g0nt  OOf  ! 1- *.  V I 1 It f atijV 
H»  * <?hf  :V  ScisVted  W|?h  K»fc  iWl  hflttg 

fsfuesewriscl  by  4 if i f ferent  *ef  rtf  printer 

Cf. ..  . -5,'  5 VC'S  , fill  VI V pf*  j V t vt  COiit  ,»uc  pi  It  a WC  f V 

it**  fait  it*  -munxitoi-  att£  t jr. s daf  a . vli I y 3 1 3 , two 

.1 1- ;.y  1 -1,  \l'  :l  lit  ti  ll  48'  have  1*00*1 

plotted  for  i*'»;  f Sf»  it>«  fit  {his  report  if  I V « • 
! ; ..<«»?  ;.  i * . 

the  t ed 1 1 . »f:t  i ills  ? he  plots  of 

4i|  fylf  « s ape*  I t a fOf  t fit  ilaf->  =ef*  listed 
i,a  ; t:v5r  51,  i <*r  t tiv  nit  air  «e*s,  only  ’ he 
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the  interpretation  of  the  data.  Tlu-  first  of 
these  is  the  apparent  presenee  of  eommon  mode 
noise  which  was  mentioned  earlier.  The 
evidence  which  gives  rise  to  the  ssumption 
of  the  presence  of  such  common  mode  noise 
lies  in  a careful  examination  of  the  direc- 
tional plots  associated  with  low  background 
levels,  particularly  the  noise  mas  of  tapes 
labeled  l!  and  1,.  In  all  of  these  tapes,  at 
all  four  frequencies,  regardless  of  depth, 
there  appears  to  be  a strong  signal  precisely 
centered  on  the  PO’beam.  Although  one  might 
expect  some  one  arrival  to  come  in  at  pre- 
cisely yo°  at  a particular  depth,  if  there 
were  such  an  arrival  present  at  the  deeper 
depths  the  angle  weald  obviously  be  different 
for  the  rays  as  they  crossed  the  sound 
channel  axis  a:  the  shallower  depths.  This 
is  not  the  case.  Also,  if  there  were  truly  a 
horizontal  ray,  one  would  expect  to  see  at 
least  a representative  offset  caused  ny  the 
tilt  angle  on  the  array  which  was  observed  to 
vary  up  to  or  A degrees  during  the 
experiment.  There  iu  no  evidence  of  this 
displacement.  The  only  logical  explanation 
for  this  strong  Sid’  beam  i>  a signal  which  is 
common  in  phase  in  all  elements.  because 
this  effect  occurs  over  all  frequencies 
observed,  the  assumption  has  to  la-  that  ;t  is 
also  a broadband  muse.  I Vie  origin  of  tins 

noise  has  not  been  identified  to  date. 

In  view  of  the  appearance  of  this  noise 
in  the  data,  the  H>U  Me  results  become 
particularly  significant.  Referring  back  to 
fig.  5,  one  sees  that  the  particular  set  of 
1.5*  beam  sampling  intervals  which  nearly 
catches  the  angular  periodicity  m the  beam 
pattern,  gives  rise  to  a very  low  beam  power 
output  in  the  vicinity  of  the  mean  beam, 
(hi?  means  that,  for  the  data  at  lot*  H;,  out 
can  place  a high  confidence  in  the  result- 
around  the  central  bean,  since  all  of  the 
,e«mon  code  aot*e  eonta*m>t  ion  wili  K von* 
ventraied  in  the  bd‘  bea*.  thus,  it  is  the 
Ifet  11;  data  which  gives  us  the  wst 

*i.gt*i fleant  clue  as  to  the  “hope  of  the  n<ti»e 
window  as  a function  of  depth,  the 

dlsadvautag.  Of  the  |M  Ilf  data.  Of  course, 
is  the  presence  of  the  second  order  era.- 
lobes  which  H*»t  the  obsersaf  ion  inten  d to 
a hand  of  ahe  it  » 1 * ' abouf  the  her  nonfat, 
tbits,  although  the  fine  scale  structure 
within  the  not -e  band  »«  , bar as  ter i ;rd  by  the 
lib>  111  plots,  the  lower  f reipienc y flais  *nl 
be  m*d  to  define  the  n.j«d  *t»  the  upjvr 
I eve  is  »t  the  ocean  where  the  noise  «a**d 
eevCeds  ifcr  t la'  wrjdth, 

.Another  effect  of  the  jftstnisienfat ion  i-= 
the  fiit»ii>  of  the  side  So*vs  which  olrscures 
thi  ,-vsrrcc  f interpret  at  ion  of  the  difev  * ivthal 
sjH’sSfvrlt  f,.v  ingles  greafly  feWOird  ftSO«  the 
horifonf  »j  difec'fsOrt.  the  nevhaOi**  wherebs 
the  side  lobes  are  filled  in  vs  si*fiK»h.«t 
devious.  If  *s  Obvious  shaf  the  difev  '■  sOnaf 
eespaOses  for  the  <*i  It;  and  -Ww  IS r pi,.,?*  ‘d<¥ 
Wot  appfoavh  the  side  lohe  levels  Vu,*;::  , 1.1 
the  ,os**e-spi«iT!dinC  thcocet  t , a?  heer  gvaSSi  rr,, 
**f  tips.  1 siid  f,  i a anva  5 y * isr  thi?  vflvi  * * t 


.v* 

I 

a 


1 


■A 


Anderson 


•Wj.-tM.yM 


v 

y 

u 


< 

5 


t 


I ikyj  .isoji  *0^ 


Z^V|  ,)»«  *o<j 


ft  O 

Ul 

~ a 

« $ 


* 

» 0. 


s ^ 
2 H 

i 4 


5 


o 

u 

u 

g 

* .a 
> — 
o g 

cl  "" 

-c 

c/1. 


5 x 
H c 

^ cs  i;  t tt 

^ " g ~ - 

C C't  a * nc 

” £ a.-£J  £ 

4»  •*• 

•y  ~jC 

TJ  co 


O 

o 

h 

lx, 

*.  »w 
5 - 


«a  .s  ^ ir  .n  « 

5 5 C1  m w jft  r*  sc 

Jcp,'ftrtS£ 


i/~ 

CO 

x 

Cl 

_ 

l+A 

w 

VC 

rw  f** 

Jn 

Ui 

ir 

-f 

-l* 

fO 

r** 

C; 

c4 

c*t 

-r 

*r 

-1* 

fO 

<o- 

r* 

cv 

C-J 

<s 

<N 

r: 

C*l 

Ol 

r* 

^i 

r>» 

f'i 

M C', 

f'i 

M 

C^i 

£ S S $ 3S  3 H 

X X X X X X X A 


<*  *#<**%«<».* 
~ •*  C 2 2 */*  »r 


5?  =5  £ £ ^ £ 

<L  % °C  % °C  % 

<C  ■?*«■»  *o  ~ 

* X X X X X X X X x 


-5373  5 355  5 5 

»r  a*  ».*  ip  * 5 rf*  .a  ip*  ■£.' 

*■•  ’ « ,“I  ?u  •*’  — * ~ 


tf 

c 

u= 

if 

kf 

VP 

•e 

5* 

Vf 

•4 

£ 

? 

2 

•? 

2 

x 

* 

i? 

tf 

** 

w 

"" 

*** 

Kf 

■Mf 

MR 

?«• 

mi 

o> 

«• 

*m 

w 

•am 

«• 

f» 

1% 

tf*  «*  « f*  *-  m*  ** 

f»*  ^ «—  - ««  k/r  9 «•  ^ 


5§  f-.»  S'*  **  yp  **  IJT 


20  * # X?  ^ 

t=%  f5s  J5>  f«>  t*s  k ^ 

$W?  -J*f  fc»*  >»  •?■*  VS  fctt-  %«  V* 


5 s f * | f 
- - s § ? i 


? S -•.###  I f .1  I 

«*  *«<  *■*«  5?  * 3 & +*  **t- 


» . f* 

1 £ £ a? 


*•»■  *•*  |f^  fS  5 - * i <■*•  ^ 
t t 'i  4 * I 4 V 4» 

•f  » « ^ *JJ-  i*  •* «C  ** 


2 *<  •?  ? •£  « e-;  * 

© — .t:  rv  2-  — <r  - 

& & s a a s £5  g 


J"  «>  *Nj  W?  -Hi  wr  j£  *<-  Vf. 

JO  4»  40  4S3  tt*  » £>  -&-»  '«* 

£s  ££'  5c  -Ik'  &p  -£■  &*•  £■»  £2 


i 


Anderson 


MPL-U-S3/74 


r" 

r- 

O' 

O' 

r* 

r- 

NO 

O' 

r- 

to 

t/J 

tfi 

t r 

iD 

O' 

c 

O' 

O' 

tO 

to 

to 

to 

to 

o 

to 

CO 

CO 

CO 

co 

CO 

CO 

O' 

co 

co 

CO 

CO 

CO 

CO 

CO 

O' 

CO 

r* 

O' 

!>• 

to 

o* 

lO 

m 

O' 

t" 

r- 

r- 

CO 

o* 

O'* 

a 

o' 

X 

o^ 

O'* 

O'* 

O'* 

O'* 

O' 

O'* 

< 

U- 

to 

co 

CO 

co 

CO 

O' 

O' 

O' 

O' 

CO 

CO 

CO 

CO 

CO 

O' 

co 

1^ 

r^- 

t"- 

f>. 

- 

nC 

t>- 

r*. 

r- 

O' 

rv 

t" 

cs 

i" 

CC 

O' 

r^’ 

O' 

o 

O' 

o* 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

to 

O' 

04 

C4 

04 

OJ 

04 

to 

o 

t/> 

to 

CM 

CN 

ON 

04 

CN 

CN 

CN 

r-« 

►H 

•— * 

O'* 

»> 

<>■ 

oC 

•—t 

*— « 

45 

U- 

i o 

»o 

»o 

to 

to 

O' 

lO 

O' 

O' 

to 

to 

to 

in 

tO 

to 

to 

£ 

§ 

9 

as 

<-* 

£> 

> 

cc 

00 

CC 

cc 

cc 

cc 

cc 

cc 

cc . 

CC 

cc 

cc 

CC 

CC 

CC 

X 

fc4  0 

O 

t 

1 

1 

■ 

t 

1 

1 

t 

* 

t 

1 

l 

1 

I 

1 

1 

< U. 

o 

0 

1*3 

*• 

— 

NC 

vC 

VO  NO 

NO 

NO 

VC 

NO 

NO 

NO 

sC 

o 

NO 

NO 

NO 

ft 

*> 

to 

‘•"J 

tO 

tO 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

tO 

to 

*■“* 

V 

H 

c 

£ 

1* 

O' 

O' 

O’ 

O' 

CO 

O' 

O' 

o* 

O' 

O' 

O' 

O' 

O' 

O' 

&s 

H 

H 

•— « 

*“» 

*— < 

•—1 

H 

w 

9- 

o 

£ 

c 

c 

c 

c 

o 

c: 

o 

to 

to 

o 

o 

c 

c 

lO 

c 

j 

04 

CN 

04 

04 

04 

ON 

04 

04 

04 

ON 

04 

CN 

CN 

CN 

t-i 

CN 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

co 

co 

CO 

CO 

CO 

co 

CO 

O' 

O' 

o 

O' 

O' 

i n 

in 

to 

to 

ON 

O' 

O' 

O' 

O' 

O' 

On 

•— < 

•H 

T*-< 

rt 

»—i 

*-< 

*-H 

rH 

H 

iM 

T~4 

CO 

CO 

co 

co 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

c 

CO 

* 

• 

• 

t 

in 

tO 

to 

to 

« 

• 

, 

• 

• 

o 

to 

lO 

to 

to 

wo 

« 

, 

« 

, 

to 

to 

to 

to 

to 

to 

to 

*->  v/) 

CJ  U 

14  0 

U- 

H 

•—i 

**H 

r- 

H 

w 

r-4 

H 

fO 

*r>  4-j 

oj  rr1 

F2 

CO 

co 

CO 

CO 

CO 

co 

co 

CO 

CO 

co 

CO 

CO 

CO 

co 

CO 

co 

&- 

• 

• 

• 

• 

• 

« 

, 

• 

a 

• 

« 

• 

, 

• 

• 

« 

f'- 

i" 

r- 

h' 

r* 

r^- 

r" 

{"• 

00 

CC 

X 

00 

CO 

to 

to 

to 

tO 

CC 

CO 

O0 

CO 

CO 

X 

00 

n 

CO 

CO 

CO 

CO 

co 

to 

to 

to 

to 

CO 

CO 

CO 

CO 

CO 

co 

co 

w 

Cl 

<*  a 

>»  <J 

ST 

r>. 

r** 

f" 

t'' 

h> 

Is- 

E c 

CO 

co 

co 

CO 

CO 

CO 

CO 

co 

CO 

co 

CO 

CO 

CO 

co 

co 

n o 

i 

t 

•■H 

t 

1 

1-4 

1 

»— H 

t 

*— « 
1 

1 

t 

*— i 

i 

►-4 

I 

1 

t 

C 

C 

a>  ~ 
</;  W 

Jh 

*»• 

£ 

o 

•— i 

04 

CO 

O' 

to 

CO 

1.0 

CN 

CO 

3 

to 

NO 

6 

c 

c 

c 

c 

o 

c 

c 

c 

c 

o 

o 

u u u u u 

DDQ 

a 

w 

W 

w 

u 

U! 

u. 

w 

h 

L 

■*?.*:- rtv^^jo.. 


* wft'**'  i*  fttnv."  »*<r  •■VT  • ’ -XC‘  if’;’?  i°s?-g?r  »*•■•-  vr-  <•***  v-Wt-  now/VKi  v* 


Anderson 


HI'L-U 


Si 

I 

V. 

# 

■ 1 
£ 

3 

r. 

-<; 

I 

1.’ 


Data  Tape 


Time 


Array  Depth 
Position 


C 01 


C 02 


C 03 
C 04 


C 05  - 


1800 


2200 


0200 


0600 


1000 


1400 


1800 


2200 


— 1. 3 mi  1 
*”  12  mi  j 


— 6 (Deep) 

_ 5 

- 4 


Freighter  "1GUAPE" 


— Biological  Noise 


— 1 (Shallow) 


6 (Deep)  ~ 
5 


Biological  Noise 
(Sperm  Whales?) 


- 4 


— 3 


— 8 mi  1 

_ 4. 5 mi  f 

— 1.9  mi  J 


Bent 


— 17  mi 


t, 


Ship  (Unknown) 

13, 5 mij 

Screw  Noise  Audible 


— 1 (Shallow) 


” 16  mi  1 freighter  "KING  MU 

— 0.9  ml  J 


MINOS" 


Mg.  9.  l.oeal  ship  traffic  near  ITU’  during  3-6  September  11)78  noise  period. 


i 1 


-53/74 


Amlcrsou 


MPL-U-53/74 


-»0, 


30 


« 

I >0 

3 

Z 


10 


UNCORRECTED 


• t > .. 


70  30  40  60 

level  08 


60 


40 


•JO 


I *° 

3 

z 


to 


( OHHti 


ID 


>0 


io  so  40  60 

level  08 


60 


Fig.  II.  Histogram  correction  example. 


is  important  to  receil  that  the  beamfeming  is 
ilono  on  a broad  band  basis  within  the 

beaeforacr  and  that  the  narrow-hand  filtering 
is  accomplished  after  the  siissation  process. 

the  full  bandwidth  of  something  greater 
than  $«»  (Is  of  noise  will  have  an  average  side 
lei*  level  c»rre*p»»di»g  to  approximately  the 
directivity  index  of  the  array  or  about  -13 
Jh.  this  can  be  thought  of  as  being  the 

effect*  of  the  power  which  feed*  in  through 
the  high  frequency  secondary  lobe*  which, 
because  they  are  frequency  dependent,  will 
have  essentially  a not  fori*  distribution  over 
the  angular  aperture.  The  total  power  occurr- 
ing l«  the  side  lobe  region  then  will  he 
roughly  determined  by  the  full  band  power 
reduced  by  the  directivity  index.  for  noise 
input  of  one  volt  r»*  with  a total  bandwidth 
of  S0ft  Hi,  the  side  lobe  level  would  be  *13 
dh.  If  we  eoftsidci  the  noise  level  in  the  o.s 
Ht  hand  «f  23  Hi  fro#  a broadband  input  of 
l-volt  ms  it  will  he  lower  by  the  ratio  of 
ii.s  Si,  Jog  is;  and  also  by  the  -13  d«* 
equal  i;a  Hoi*  gain  difference  for  a total  level 
of  >ii  »IS,  and  -So  dh  with  respect  to  the 
broadband  side  Iv&e  level,  the  lash  of  the 
narrow -band  filter  in  the  bcauforiaer  output  is 


then  to  separate  the  noise  spectrum  at  23  Hz 
from  the  rest  of  the  broadband  noise.  The 
filter  response  of  this  narrow-  band  filter, 
shown  in  Tig.  7,  indicates  that  a level  of 
about  -4D  dB  is  representative  of  the  skirts 
beyond  the  immediate  vicinity  of  the  pass 
band,  thus  the  wideband  noise  in  the 
beamforaer  side  lobe  region  is  suppressed  by 
40  dB  placing  it  approximately  -10  dB  below 
the  beam  response  at  23  Hz. 

In  the  propagation  runs  with  high 
signal-to-noisc  ratios,  the  bearofornicr  is 
subjected  to  an  input  spectrum  which  contains 
only  a few  line  components.  For  this  case  we 
do  obsorve  the  boaraformer  side  lobes  to  a much 
greater  depth  than  the  noise  case.  Ibis  feed 
through  of  out-of-band  side  lobe  energy  is 
quite  evident  in  some  of  the  propagation  run 
tapes  where  two  different  frequency  signals 
are  present.  For  example,  in  the  contour  plot 
of  tape  1)07  (Fig.  12)  the  two  secondary  lobes 
appearing  in  the  104  II:  plot  (frequency  four) 
show  up  in  the  three  lower  frequencies  at 
bumps  in  the  side  lobe  distribution.  These 
are  particularly  evident  in  frequency  two,  3b 
II:,  which  was  out  of  the  band  of  the  two  other 
signal  frequencies. 

Further  evidence  of  the  fact  that  the  side 
lobe  energy  is  due  to  frequencies  out  of  the 
filter  band  is  to  be  seen  in  the  contour 
plots.  For  example,  in  the  contour  plot  for 
noise  tape  MU  (Fig.  13>,  frequency  one  123 
II:),  shows  that  in  the  side  lobe  region  there 
are  many*  places  where  the  distribution  is  much 
narrower  than  that  in  the  main  beam.  In  the 
main  beam  one  would  expect  to  see  a Rayleigh 
distribution  which  Is  roughly  what  the 
contours  correspond  to  at  that  point.  If  the 
side  lobe  energy  were  truly  associated  with 
the  energy  in  the  23  II:  band,  it  too  would  be 
expected  to  Have  a Rayleigh  distribution. 
Itewever,  tf  It  were  a composite  of  frequencies 
outside  of  the  Ha«d,  then  the  number  of 
degrees  of  freedom  for  each  sample  would  be 
Significantly  higher  and  as  a result  the 
distribution  for  any  one  sample  will  be  much 
narrower  and  the  contours  will  converge  in 
these  regions  as  they  appear  to  in  this  plot. 

kstioates  of  the  directional  noise 
spectrum  for  the  lower  three  frequencies,  23, 
sg,  and  ihh  ll:  are  shown  In  fig.  II.  Perhaps 
the  east  reliable  shape  is  that  associated 
with  the  PW  ll;  curve.  The  HHt  (I;  beas 
•’at  tern  is  narrow  enough  to  re»olve  the  edges 
of  the  noise  distribution  which  appears  to 
have  a very  sharp  edge  to  the  directional 
spectni#  If  the  deepest  depth,  the  curve 
show*  a narrow  directional  spectrum  ***st 
of  the  energy  confined  to  the  region  near  the 
horizontal,  the  neat  step  above  the  critical 
depth  still  shows  a nacre*  ^pe* t rust  but  with 
an  increase  of  1 4ft  in  level.  -I*  the  array  is 
raised  progressively  higher  this  noise 
distribution  spreads  but  retains  * very  flat 
top  distribution  with  no  indi, alien  of  a 
horizontal  null  and  there  is  only  a *3«£bt 
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increase  in  the  actual  total  noise  power  as  a 
function  of  depth  above  the  critical  depth, 
for  the  two  lower  frequencies,  25  and  58  1);, 
the  curves  associated  with  the  two  lowest 
steps  are  conjectural  in  nature  and  thus  are 
dotted  in.  the  25  ami  58  !!;  directional 
spectra  are  severely  obscured  hy  the  common 
mode  noise  which  spreads  over  the  broader 
beam  width  at  these  two  frequencies,  it  has 
been  assumed  in  drawing  these  arrays  that 
they  are  similar  to  those  of  the  ittd  Ite  curve 
which  was  clearly  resolved  by  the  filter, 
the  shoulders  of  the  square  top  noise 
distribution  at  the  upper  depth*,  however,  do 
appear  as  a spreading  of  the  directional 
spec t row  for  these  two  lower  frequencies  and 
note  reliance  nay  he  placed  on  these  upper 
level  values.  The  side  lobe  regions  outside 
of  this  «ain  distribution  lobe  must  be 
considered  to  be  indeterminate  «n  these 
experiments  because  they  have  been  obscured 
by  the  previously  mentioned  filter  leakage. 

One  word  of  caution  should  be  voiced  at 
this  point,  that  is  that  the  data  accumulated 
here  consists  only  of  two  sets  of  depth 
measurements,  each  represented  by  iu*m»«»te 
samples  of  noise  and  in  no  way  should  this  be 
construed  to  he  anything  other  than  .i  g #***« 
estimate  of  the  noise  structure,  the 
sltwtwe  is  extremely  variable.  data  from 
the  same  depth  on  two  different  run*  differ* 
t*y  as  much  as  % dfi  in  average  levet  and  sore 


ir 


Pig.  IS.  Ti*e-bearing  intensity  records  which  include  the  DOS  and  007  directional 
spectra  staples  of  signal  transaissions. 


than  that  in  the  detailed  structure.  The  of  fact  that  for  the  low  frequency  end.  the 

oceanic  noise  in  the  low  frequency  region  rays  are  not  resolved  by  the  be**  pattern; 

cannot  be  considered  stationary  on  a however,  at  100  Hr  they  can  be  seen  to  be 

10-ainutc  or  even  10-hour  tine  scale.  separate.  Significant  changes  in  the 

The  I and  D tapes  were  taken  during  distribution  of  energy  between  the  up  and 

propagation  runs  with  sources  at  two  and  down  bundles  can  be  seen  fro*  tape  to  tape, 

toeetiect  three  frequencies.  Two  different  At  the  100  Ht  frequency  the  arrival  ray 

depths  are  associated  with  these  runs,  one  bundle  is  in  asny  cases  spread  out  hrtader 

depth  with  the  center  of  the  srray  at  713  than  the  1.5  resolution  of  the  too  Its  bca* 

neters.  near  the  axis  of  the  sound  channel  pattern. 

and  the  other  just  above  the  critical  depth  Graphical  intensity  v».  vertical  angle 

width  the  array  center  at  3791  aeters.  The  and  tUe  recordings  were  aade  during  the 

directional  arrivals  are  clearly  sham  in  experiment.  A sequence  of  sections  of  such  a 

these  plots.  Another  word  of  eautloo  to  be  record  is  shown  in  Fig.  15.  Two  of  the  tape 

exercised  in  Interpreting  the  data  is  in  directional  spectra.  WS  and  B07,  were  taken 

order,  particularly  for  she  713  after  100  Hi  during  this  sequence.  WS  corresponds  to 

plots.  The  two  arrival  paths  in  this  case  Accord  »1  and  007  corresponds  to  Accord  *!0. 

•re  nearly  exactly  spaced  on  the  spacing  of  It  is  apparent  that  the  average  spectra 

the  second  order  grating  responses  and  the  up  plotted  do  not  fatly  represent  the  complexity 

and  downcoaing  paths  are  superlaposed  on  each  of  the  propagation  path;  there  is  a 

other  in  these  plot*.  Thus,  what  appears  to  considerable  tine  variability  la  both  the 

be  a spreading  of  the  energy  nay  Merely  be  direction  and  amplitude  of  the  arrivals  of 

the  superposition  of  the  up  and  down  rays  at  fig. 

not  quite  the  second  order  lobe  spacing.  In  Hie  low  frequency  envelope  spectra  of 

tllg  (in  jffiy  Aligttlsr  t*t£i£  tlfttal  iffiwh  will  be  UK  W 

separation  is  ouch  less,  so  close  as  a natter  * fwiwt*  analysis  and  report. 
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APPENDIX 

Directional  spectra  fer  the  B,  C,  f>  and  li 
tapes  are  included.  Records  are  in  an  Alpha 
mwbcric  tape  sequence. 
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